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areas such as space flight and military applications.
Methods: Ultrasound images were collected using 10 sheep tibia in twomodes
with 128-element array transducer; first images were collected with the tibia
immersed in 25 C degassed water with a transducer gap of 55 mm, then the
same tibia were encased in polyurethane (PU) and scanned without water us-
ing ultrasound gel to couple the transducer to the PU surface. Scans were also
performed on 8 human volunteers at the wrist, forearm, elbow, and humerus
with the arm submerged in water. Scans were then repeated using ultrasound
gel on the arm/transducer interface without the presence of water.
Results and discussion: The resulting ultrasound waveform files were pro-
cessed with a custom MATLAB code to constructed dimensional attenuation
maps from the raw data. The software used a least-error algorithm to adjust
adjacent lines and remove unwanted image waver from hand movement.
The morphology of the bare sheep bones was visualized using the device
in water as well as in PU, and ultrasound attenuation (ATT) values of 42.4
 0.6 dB and 41.5  1.0 dB respectively were found. Scans of the human sub-
ject revealed detailed anatomy of the humerus, elbow, forearm, and hand
(Fig. 1). Repeat measures of the distal radius found an attenuation of 37.2
 3.3 dB, with negligible changes cause by wrist rotation of 10 (36.4 to
37.3 dB) indicating small changes in scan angle would not significantly affect
bone quality measurements.Fig. 1. Ultrasound images of the hand (A), mid-shaft humerus (B), elbow joint
(C) and full length radius (D) in a human subject. The hand image is
reconstructed frommultiple scans, while images B-D are all single scan images.
Conclusions: The use of a hand-held QUS, which can be designed as a
portable desktop system, allows for rapid skeletal imaging without ionizing
radiation or contrast agents. Information gathered from ultrasonic attenua-
tion and velocity can provide detailed information on localized bone fragility
as well as identify fractures.
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INSERM U1146 e Laboratoire d’Imagerie Biomedical, 75006 Paris, FranceThe last two decades have witnessed changes in our ability to assess
multiscale mechanical properties of the human skeleton. Ultrasound have
played a critical role in this development. Work conducted in quantitative
ultrasound (QUS), taking benefit of the scalability of ultrasound, suggests
the existence of significant advantages in bone quality information, as
well as the presence of numerous challenges. With the development of
engineering and methodological solutions to these challenges, QUS
methods have provided gains in bone mechanical status assessment,
spanning the scales of bone organization ranging from elementary bone
structural units to the organ level. These include scanning acoustic
microscopy and ultrasonic resonant spectroscopy. These techniques can
help in characterizing the anisotropic stiffness in vitro and are prone to
provide answers to some questions that remain open regarding the
determinants of cortical bone elastic properties. Relationships of quanti-
tative ultrasound variables with structural and elastic properties will be
illustrated through examples.
On the other side, a specific appealing aspect of in vivo QUS techniques is
their potential to account for important bone quality factors like material
properties or structure, and particularly those of cortical bone, which
cannot easily be captured with X-ray densitometry techniques. Although
still at an early stage of development, recent QUS approaches using
guided waves propagating axially or circumferentially in the cortical shell
seem to be promising to reveal bone properties beyond bone mineral
quantity. We will show how new data acquisition and signal processing
procedures are prone to reveal bone properties beyond bone mineral
quantity.
As extensive as they are, these gains still constitute a prelude to what is to
come, given the incessant developments of better instrumentation and
signal processing techniques.
Brief CV
Research Area(s): QUS, Bone Biomechanics
Technical Expertise: Biomedical ultrasound
Email: Pascal.laugier@upmc.fr
With a bachelor’s degree in physics, a master’s degree and doctorate in
physical acoustics (1987), plus medical training and postdoctoral training in
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currently is the head of the Biomedical Imaging Laboratory (LIB) of Pierre
and Marie Curie University of Paris (UPMC) supported by the French National
Institute of Health and Medical Research (INSERM) and the National Centre
for Scientific Research (CNRS). Internationally recognized as a leader in the
field of bone quantitative ultrasound, he is also a principal investigator of
ULAB (Ultrasound-based Assessment of Bone), a joint research laboratory
between the University of Kiel, the University of Berlin, and UPMC; a
permanent member of the Board of the International Congress on Ultra-
sonics; a member of multiple professional societies in Europe and the United
States, Dr Laugier is the holder of 12 patents, Dr Laugier is cofounder of the
spin-off Azale´e, which was created to develop medical devices using
ultrasound-guided waves to measure cortical bone and assess its structural
and mechanical properties. In addition, he is on the editorial board of 5
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Dr Laugier first began working on medical applications of ultrasound,
developing tissue characterization techniques for soft tissue and high-
frequency ultrasound imaging for small organs (eye, skin) and for small
animals. He then focused on the development of innovative quantitative
ultrasound techniques in the field of bone. Research centres on understand-
ing interaction between ultrasound and bone structures, using experiments,
numerical simulations and analytical models and on developing innovative
ultrasound-based technologies for non invasive multi-scale assessment of
bone mechanical properties.
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